Introduction
Recently, the recycling of metal scrap becomes more and more important from the viewpoints of the efficient use of resources, environmental issues and energy saving. In Japan, about 600 000 tons of copper scrap and about 30 million tons of steel scrap are recycled every year. 1, 2) Copper next to steel and aluminum is massively produced to meet the social demand. Because copper ore has a short mining life of about 31 years, 3) the production of copper has to depend on the recycling of copper scrap in the future. In the recycling process of copper scrap, an important process is the removal of impurities such as Sb and Pb because these impurities affect not only the properties of copper such as the electric conductivity but also the environment. On the other hand, some removed impurities such as Sb used as the semiconductor and electrode materials should be recycled as resources.
The chlorination reaction with chlorine gas or chloride is utilized for the recycling of wastes such as aluminum scrap and steelmaking dust. 4, 5) For the recycling of copper scrap, Tsukihashi and Hatta, 6) and Iwasaki and Tsukihashi 7) reported that the partition ratios of Fe and Pb between CuClbased flux and liquid copper increased with increasing the content of Na 2 CO 3 , CaO or BaO in CuCl flux at 1 473 K, and a part of removed Fe and Pb vaporized to gas phase. Mochida and Mikuni 8) also reported that the concentration of Fe, Pb, Zn or Sn in copper largely decreased with time by using Ar-10%Cl 2 mixture at 1 473 K. Therefore, the chlorination reaction is effective for the removal of impurities from liquid copper.
In the previous study, 9, 10) the present authors measured the removal rate of Sb from liquid copper by using CuCl-CaO fluxes at 1 423 K with argon gas. The removal of Sb from liquid copper was difficult by using only CuCl flux as shown in Eqs. (1) and (2) . Equation (2) was obtained by the linear regression of calculated free energy change of reaction (1) from 1 273 to 1 673 K by FactSage. However, the addition of CaO to CuCl flux was effective for the removal of Sb. The concentration of Sb in liquid copper largely decreased with time and with increasing CaO content. About 99.9 % of antimony was removed from liquid copper at 15 min by using CuCl-25mass%CaO flux. Moreover, it was also confirmed that a part of antimony vaporized from flux to gas phase according to the mass balance. Compared with the reported Na 2 CO 3 and Cu 2 O-based fluxes, 12, 13) the CuCl-CaO fluxes have a high removal efficiency for Sb from liquid copper. For the CuCl-CaO fluxes, the oxidation reaction of Sb in liquid copper may proceed the removal of antimony from liquid copper because the chlorination reaction of antimony by CuCl is difficult at 1 423 K. The source of oxygen for the oxidation reaction of 3 and SbOCl in flux were observed in the fluxes, and these chloride and oxychloride vaporized to gas phase.
Mechanisms of Oxidation and Vaporization of Antimony from Liquid Copper with CuCl-CaO Fluxes
In the reaction between CuCl-Cu 2 O and liquid copper, the decomposition of Cu 2 O in the flux was confirmed, and the copper weight and oxygen content of copper increased.
The mechanisms of oxidation and vaporization of antimony in liquid copper by using CuCl-CaO fluxes were discussed based on the observed results. The Cu 2 O existing in CuCl-CaO flux is dissolved in copper melt, and the oxygen content of copper increases. The antimony in liquid copper is oxidized and removed to slag phase as Sb Table 1 .
Experimental
The weight of the system before and after the experiments was measured, and the weight loss was calculated. 11) Therefore, the weight loss of the system is mainly due to the simultaneous vaporization of CuCl and Sb 2 O 3 . Moreover, it is also possible that the antimony compounds such as SbCl 3 vaporizes into gas phase. 13) The weight loss of Sb from the CuCl-CaO-Sb 2 O 3 system has not been estimated because of the difficulty of chemical analysis. The analysis results of collected dusts shown in Table 2 can qualitatively confirm the vaporization of Sb from flux though the collected dusts also absorb water from air. Figure 4 shows the XRD patterns of the vaporization residues from CuCl-80mass%Sb 2 (4) and (5) were considered, Eq. (5) indicates that the reaction (4) is quite difficult to proceed. Nevertheless, the XRD peaks corresponding to SbCl 3 were observed for corrected dusts and the reason for this fact has not been clarified yet. The formation of SbOCl in flux expressed as reaction (6) was also taken into consideration. The SbCl 3 and SbOCl in flux may vaporize to gas as expressed by Eqs. to (9), if these species are thermodynamically preferable. The similar XRD analysis results for all samples shown in Table 1 were obtained. Equations (5) and (8) were obtained by the linear regression of calculated free energy changes of reactions (4) and (7) from 1 273 to 1 673 K by FactSage. and Cl Ϫ ions in the fluxes results in the vaporization of antimony chlorides or oxychlorides to gas phase. Binnewies and Schnockel 14) reported that the oxychloride SbOCl was formed in gas phase at 1 300 K from the measurement by the mass spectroscopy combined with Knudsen cell according to the reaction (10). They also reported that the formed SbOCl was not stable in gas phase. Since SbOCl was confirmed in flux as shown in Fig. 4 , the antimony may vaporize as SbOCl into gas phase as well as Sb 4 Figure 7 shows the XRD patterns of collected dusts from the vaporization of these two fluxes. The XRD peaks for antimony chloride and antimony oxychlorides were observed, which suggests the vaporization of Sb from flux as chloride and oxychloride.
Reaction Behavior of Cu 2 O between CuCl-Cu 2 O
Flux and Liquid Copper at 1 423 K For the removal of Sb from liquid copper by using CuCl-CaO fluxes at 1 423 K, Sb is considered to be removed by the oxidation reaction. In order to clarify the source of oxygen for oxidation, the reaction behavior of Cu 2 O between CuCl-Cu 2 O flux and liquid copper was observed at 1 423 K. The initial contents of Cu 2 O were 0, 3 and 6 mass%. The experimental conditions and results are shown in Table 3 .
The solubility of oxygen in copper equilibrated with solid Cu 2 O at 1 423 K is 1.06 mass% according to the phase diagram of Cu-O system. 15) From the thermodynamic viewpoint, it can be confirmed that the Cu 2 O in flux decomposes into oxygen and copper at 1 423 K as shown in Eqs. (11) and (12) . Therefore, in this study the source of oxygen to oxidize Sb in copper may come from the dissolution of Cu 2 O existing in CuCl-CaO flux to molten copper. (11) and (12).
Mechanisms of Oxidation and Vaporization of Sb
by Using CuCl-CaO Fluxes at 1 423 K In the previous study, 9, 10) it was reported that the removal of Sb from liquid copper was difficult by using only CuCl flux, while the addition of CaO to CuCl flux was effective for the removal of Sb at 1 423 K with argon atmosphere. Moreover, a part of Sb vaporized from flux to gas phase. The oxidation reaction of Sb in liquid copper may proceed the antimony removal and the removed antimony vaporizes from flux as antimony chloride and oxychloride.
For the removal of Sb by using CuCl-CaO fluxes at 1 423 K, Cu 2 O is formed by the reaction expressed by Eqs. (13) and (14) . Equation (14) was obtained by the linear regression of calculated free energy change of reaction (13) from 1 273 to 1 673 K by FactSage. 11) As described in the previous section, oxygen is supplied by the dissolution of Cu 2 O existing in the flux into liquid copper according to reaction (11) , and oxidizes Sb in copper as shown in reaction (15) . The overall oxidation reaction of Sb can be expressed by reaction (16) . The addition of CaO increases CaO activity in the flux. Moreover, the oxygen content in copper also increases with increasing CaO content in the CuCl-CaO fluxes. Therefore, the oxidation reaction of Sb in liquid copper can be accelerated because of the increase in CaO activity in the flux and the oxygen content in copper with increasing CaO content. 
